An analytical and experimental study is presented of sound propagation through a circular duct in the presence of an expansion chamber. Results are presented for various sound frequencies, expansion ratios, and chamber lengths. It is found that the analytical results are in good agreement with the experimental results.
INTRODUCTION
The reflection of sound waves due to a change in the cross section of a circular duct was first described by Milesl; he determined the reflection coefficient due to a It is found that the analytical results are in good agreement with the experimental results.
I. THEORETICAL ANALYSIS
We consider linear sound waves propagating inacircular hard-wailed duct containing an expansion chamber as shown in Fig. 1 
II. EXPERIMENT
The test apparatus used in this investigation is shown schematically in Fig. 2 . The sound was generated by an audio signal generator feeding into a 60-W amplifier and conducted to the system by means of a coaxial loud speaker connected to the pipe by a conical coupling.
The sound which passed through the expansion chamber continued down through the tailpipe (of the same diameter as the leading pipe) to the termination, which consisted of several feet of loosely packed cotton surrounded by a box filled with sound absorbing material.
The section of the tube between the loudspeaker and the chamber, called the high-pressure side, was surrounded by a sound-insulating material to minimize the radiation and conduction of sound to and from the surroundings. This was necessary to minimize the system noise. The propagating signal was processed by means of a frequency analyzer, a valve voltmeter, and a level recorder. The measuring microphone was traversed axially and radially along the test section. A reference probe was located at the entrance of the chamber and connected to the driving system by a compression loop in order to maintain a constant pressure level at this point.
The test matrix is shown in Table I the expansion ratio causes a corresponding increase in the reflection of the sound at the first and second discontinuities resulting in an increase in the noise reduction. However, when the expansion ratio increases to a value at which a mode is cut on in the expansion chamber, the noise reduction experiences a drop. A further increase in the expansion ratio causes an increase in the noise reduction until another mode is cut on, etc.
The effect of varying the length of the expansion chamber on the noise reduction spectrum can be seen by comparing the curves in each of the following three groups of figures: Figures 5, 8, and 11; Figs. 6, 9 , and 12; and Figs. 7, 10, and 13. In each of these groups, the expansion ratio is fixed while the chamber length is varied to include (L/a)= 2.4, 3.0, and 3.6. It can be seen that increasing the chamber length results in a narrowing of the first noise-reduction band, an increase in the maximum noise reduction, and a decrease in the noise reduction at high frequencies.
IV. CONCLUDING REMARKS
The present analysis reveals that the performance of an expansion chamber is greatly affected by the expansion ratio, the sound frequency and to a lesser extent the chamber length. This conclusion was verified experimentally. It is shown that plane-wave theory is valid only at low sound frequencies and small expansion ratios. It is also concluded that expansion-chamber mufflers are efficient in attenuating low-frequency sound, which make them ideal for'automotive silencing applications. tj. Miles, J. Acoust. Soc. Am. 16, 14-19 (1944) .
